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Summary.  The time-dependent reepithelialization f 55 
human surgical skin wounds with a wound age between 
8h and more than 2 months was investigated by the 
immunohistochemical localization of cytokeratins 5 and 
13. A complete, rebuilt epidermal layer over the wound 
area was first detectable in a 5-day-old wound, while all 
wounds of more than 18 days duration contained a com- 
pletely reepithelialized wound area. Between 5 and 18 
days the basal layer of keratinocytes showed - in con- 
trast to normal skin - only some cells positive for cyto- 
keratin 5. In some, but not all lesions with a wound age 
of 13 days or more, a basal cell layer completely staining 
for cytokeratin 5 was demonstrable. This staining pat- 
tern was found in all skin wounds with a wound age of 
more than 23 days. The immunohistochemical detection 
of cytokeratin 13 which can be observed regularly in 
non-cornifying squamous epithelia provides no informa- 
tion for the time-estimation f human skin wounds, since 
no significant temporary expression of this polypeptide 
seems to ccur during the healing of human skin wounds. 
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Zusammenfassung.  An 55 chiru.rgisch versorgten mensch- 
lichen Hautwunden mit einer Uberlebenszeit zwischen 8 
Stunden und fiber 2 Monaten wurde die wundaltersab- 
h~ingige Expression yon Keratin 5 und 13 w~hrend er 
Reepithelialisierung untersucht. Eine vollst~indige Dek- 
kung des urspr~nglichen Epitheldefektes war erstmals in 
einer 5 Tage alten Hautwunde zu beobachten, wobei in 
der Basalzellschicht nur einzelne Cytokeratin 5-positive 
Zellen nachweisbar waren. Nach 13 Tagen Oberlebens- 
zeit war hier erstmals eine vollst~ndige Anffirbbarkeit 
ftir Cytokerafin 5 feststellbar, egelhaft war dies nach 
mehr als ca. 23 Tagen l]berlebenszeit der Fall. Nach 
einem Wundalter von ca. 18 Tagen war die Reepithelia- 
lisierung des ursprtinglichen Defektes immer vervoll- 
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st•ndigt, auch wenn nicht alle Basalzellen Cytokeratin 5 
exprimierten. Die Darstellung von Cytokeratin 13, ein 
ffir nicht-verhornendes Plattenepithel typischer Marker, 
liefert keine Informationen, die ffir eine Altersbestim- 
mung menschlicher Hautwunden verwertbar wfiren, da 
offensichtlich eine relevante tempor~re Expression w~ih- 
rend der Wundheilung in der menschlichen Haut nicht 
erfolgt. 
Schli isselw6rter: Reepithel ial is ierung - Keratin 5 - Ke- 
ratin 13 - Wundalter - Immunhistochemie 
Introduction 
Cytokeratins (CK) represent a group of intermediate fila- 
ments expressed solely in epithelial cells. They can 
be subdivided into 8 type II (1-8) and 12 type I keratins 
(9-20) [10, 11, 12] and 2 cytokeratins in combination 
(one type I and one type II) form an intermediate fila- 
ment [4, 21]. 
In the normal epidermal layer the pair ck 5/14 is ex- 
pressed in the basal cell layer [3] and the pair ck 1/10 is 
normally restricted to the suprabasal cells [3]. The pair 
ck 4/13, however, can regularly be observed only in the 
suprabasal cell layers of non-cornifying epithelium [13]. 
During wound healing the damaged epidermis is cov- 
ered by keratinocytes and after reepithelialization these 
cells differentiate as demonstrated bythe temporary ex- 
pression of certain maturation markers uch as involuc- 
rin, transglutaminase, and filaggrin [9]. Similarly, the ex- 
pression of cytokeratins has been reported to be variable 
during wound healing [9]. 
The present study was performed to investigate the 
time-dependent reepithelialization f human skin wounds 
and in particular the immunohistochemical expression of 
cytokeratin 5 during wound healing. Furthermore, ck 13 
was visualized to prove whether cytokeratins typical for 
non-cornifying squamous epithelia are temporarily de- 
monstrable during the healing of the epidermis and 
therefore provide further information useful for a time- 
estimation of human skin lesions. 
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Materials and methods 
The cytokeratins 5 and 13 were visualized in a total of 55 human 
skin wounds (surgical wounds, stab wounds and lacerations after 
surgical treatment) with a wound age between 8 h a d 2.5 months 
by immunohistochemistry. Thespecimens were obtained and pre- 
pared as previously described [1].
After enzymatical pretreatment cytokeratin 5 was visualized 
using a monoclonal antibody (Laboserv, Giegen, Germany) ac- 
cording to the ABC-method [8]. Ck 13was detected using a mono- 
clonal antibody (Progen Heidelberg, Germany) according to the 
APAAP-method [5]. 
Undamaged skin from the same patients and sections without 
the inclusion of the primary antibody served as controls. 
Results 
Normal skin 
In undamaged skin the basal cell layer of the epidermis 
and the basal cells of the epithelial surface of skin appen- 
dages (sweat gland ducts, hair follicles) showed a strong 
positive staining for cytokeratin 5. Superficial cells of the 
epidermal layer, however, did not react. 
Fig. 1. Normal human skin: the basal cell layer of the epidermis 
showing a continous staining for cytokeratin 5 (paraffin, ABC- 
method, 170 ×) 
Fig, 2. 8-day-old skin wound: complete reepithelialization f the 
wound area, but no positive reactivity of the basal cells (arrows) 
for cytokeratin 5 (paraffin, ABC-method, 70 x) 
Fig.3, 11-day-old skin wound: complete reepithelialization; only 
few basal cells positively stain for ck 5 (paraffin, ABC-method, 
170 x) 
Fig, 4. 4-week-old skin wound: thetotal basal cell layer of the re- 
built epidermis stains positively for ck5 (paraffin, ABC-method, 
170 x) 
No reaction was obtained in the keratinocytes of the 
epidermis after staining with the antibody against ck 13. 
The epithelium of sweat gland ucts, however, stained 
positively. 
Skin wounds 
In the newly forming epidermal layer of incompletely 
reepithelialized skin wounds, keratinocytes positive for 
ck 5 were first detectable approximately 3 days after 
wounding. In a 5-day-old skin lesion of the head a com- 
plete reepithelialization was observed first, but only few 
cells of the basal cell layer reacted positively for ck 5. 
A positive staining of the complete newly formed basal 
cell layer of the epidermis occurred first in a 13-day-old 
wound and all lesions with a duration of approximately 
25 days or more showed such a staining pattern. In 26 
out of 42 cases (62%) with a wound age between 5 and 
25 days the reepithelialization was not yet completed. In 
19% (8 out of 42 cases) a complete reepithelialization 
was demonstrable, but the basal cell layer of the newly 
formed epidermis howed varying amounts of keratino- 
cytes positive for ck 5. The remaining 8 cases (19%) 
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were characterized by an epidermal layer with positive 
reactivity of the total basal cell layer covering the wound 
area. 
Even though the first complete reepithelialization 
was seen in a surgically treated laceration of the head 
(78-year-old male) a tendency indicating advanced re- 
epithelialization in the head region in comparision to the 
trunk or the extremities, could not be established. 
Significant differences in wound healing dependent 
on the individual's age did not occur in our series. 
Cytokeratin 13 could not be observed in the epider- 
mal layer during wound healing in significant amounts. 
In one specimen (wound age 11 days) very few keratino- 
cytes seemed to show a weak positive reactivity. 
Discuss ion  
During wound healing a new epidermal layer is formed 
by migration and proliferation of keratinocytes derived 
from undamaged skin of the wound edges and from near- 
by localized skin appendages [2, 7, 14, 15, 19, 22]. The 
migrating keratinocytes stem from the suprabasal cell 
layer of the epidermis [17] and are assumed to possess 
contractile properties [6]. 
After completion of epithelial proliferation and mi- 
gration the keratinocytes undergo differentiation which 
is monitored by the expression of certain maturation 
markers and a typical pattern of various cytokeratins. 
Mansbridge and Knapp [9] demonstrated anincrease 
in the synthesis of ck 6 and 16 and a reduction of ck 1 
during the first 8.5 h in skin wounds (suction blisters) of 
volunteers. A residual synthesis of ck 6 and 16 was seen 
48 h after tape stripping of the skin while ck 1, 2 and 10 
were overproduced. On the third day after wounding, a
tongue of keratinocytes displaying regenerative matura- 
tion markers uch as involucrin, transglutaminase, and 
filaggrin extended across the floor of the suction blisters. 
This kind of lesion was also studied by Ortonne et al. 
[17] on the abdominal skin of volunteers. These authors 
localized a 67 kDA cytokeratin polypeptide and found 
that keratinocytes derived from suprabasal cell layers 
started to migrate to the wound centre 2 days after 
wounding. Keratinocytes of the basal cell layer, how- 
ever, did not stain for the antibody against he 67 kDa 
cytokeratin and were not observed in the wound area 
during the period of investigation (3days) indicating that 
basal cells apparently do not migrate at this point in time 
[17]. In former studies, however, it had been assumed 
that basal cell of the epidermis were also able to migrate 
[22]. 
Although the observations by Mansbridge and Knapp 
[9] as well as Ortonne et al. [17] were obtained from 
human individuals, only wounds of the epidermis, but 
not of the dermis had been examined. It has, however, 
been assumed that the epidermal migration is inhibited 
by the destruction ofdermal structures [19], so that these 
observations cannot easily be transferred to forensically 
relevant skin wounds which show an involvement of the 
whole epidermis and dermis. Experimental results ob- 
tained from animal models also cannot provide sufficient 
data due to methodological reasons with respect o the 
assumption that biological processes uch as wound heal- 
ing proceed somewhat faster in small animals. This 
hypothesis i particularly supported by the findings of 
Ordmann and Gillman [16]. These authors tudied the 
wound healing process in sutured pig skin and reported 
a reepithelialization f the wound surface within 24 
hours, i.e. 4 days before a complete newly formed epi- 
dermis was seen in our series. 
Since the basal cell layer of the new epithelium first 
showed a complete positive staining for ck 5 after ap- 
proximately 13 days survival time, our findings are in 
accordance with the results of Ortonne et al. [17]. They 
reported that migrating keratinocytes are derived from 
suprabasal cell layers and not from the basal cells of the 
epidermis. 
In our series, a complete reepithelialization was first 
detectable 5 days after wounding, i.e. 3 days before 
a complete rearrangement of the epithelial basement 
membrane occurs [1]. This difference can be explained 
by the observation that epithelial cell seem to synthesize 
- at least partly - the basement membrane components 
and therefore appear before basement membrane mate- 
rial is detectable. 
Furthermore, our results provide evidence that cyto- 
keratins typical for non-cornifying squamous epithelium 
such as ck 13 do not occur in normal human skin lesions, 
in contrast to the regenerating non-cornifying epithelium 
of the vagina [20]. Thus, this cytokeratin does not repre- 
sent a useful parameter for a time-estimation during the 
healing of skin wounds. 
In summary, the immunohistochemical localization 
of ck 5 and 13 provides the following information for the 
time-estimation f surgical human skin wounds: 
1. A complete reepithelialization indicates a post-inflic- 
tion interval of approximately 5 days or more and can be 
expected in all cases with a wound age of approximately 
19 days or more, but the basal cell layer does not neces- 
sarily show a continuous staining for ck 5. 
2. A complete staining for ck 5 in the basal cell layer 
covering the wound area indicates a duration of approxi- 
mately 13 days or more and can regularly be expected in 
lesions with a wound age of at least approximately 23
days. 
3. There exists no significant time difference of wound 
healing dependent on the localization of the wound, 
even though a somewhat faster reepithelialization f 
skin wounds localized in regions rich in skin appendages 
such as the head cannot be excluded. 
4. The immunohistochemical detection of ck 13 provides 
no useful information, since this cytokeratin does not ap- 
pear during normal human wound healing. 
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